This article examines the behavior of equity trading volume and volatility for the individual firms composing the Standard & Poor's 100 composite index. Using multivariate spectral methods, we find that fractionally integrated processes best describe the long-run temporal dependencies in both series. Consistent with a stylized mixture-of-distributions hypothesis model in which the aggregate "news"-arrival process possesses long-memory characteristics, the long-run hyperbolic decay rates appear to be common across each volume-volatility pair.
the second-order moment dynamics of many return series are best characterized by fractionally-integrated-type processes.
The available empirical evidence regarding the own dynamic dependencies in financial-market trading volume is more limited in its scope. Still, the sample autocorrelations for the portfolio turnover ratios reported by Lo and Wang (1996) and the seminonparametric density estimates for aggregate stock-market index returns and trading volume reported by Gallant, Rossi, and Tauchen (1992 Tauchen ( , 1993 ) and the corresponding findings for individual stocks by Tauchen, Zhang, and Liu (1996) all point toward the existence of long-term dynamic dependencies in equity trading volume. As such, the aforementioned conflicting empirical results based on the standard MDH and the assumption of a single latent information-arrival process may simply reflect the existence of a more complex dynamic relationship between trading volume and volatility. Although the longrun dependencies are common, the short-run responses to certain types of "news" are not necessarily the same across the two variables. This idea also motivates the bivariate MDH specification, recently estimated by Liesenfeld (1998a,b) .
This article adds to this extant literature by testing implications of the MDH as a long-run proposition in which the aggregate latent information-arrival process possesses long-memory characteristics. Consistent with this formulation, the 100 log-periodogram estimates for the degree of fractional integration, or d, for the absolute returns for each of the 100 individual common shares in the Standard and Poor's 100 (S&P100) composite index generally put the degree of fractional integration in the interval between 0 and -. Thus, although the individual equity volatility processes are highly persistent, they appear to be covariance stationary so that all "news" shocks eventually dissipate, albeit at a very slow hyperbolic rate of decay. Applying this same seminonparametric estimation procedure to the 100 individual equity trading-volume series results in equally significant long-memory characteristics. No prior estimates to this effect are available in the existing literature. The close pairwise correspondence between the estimates for d across each of the 100 volume-volatility series is particularly noteworthy, and formal hypothesis tests do not, in general, reject that the two series possess a common longrun hyperbolic decay rate. As such, these empirical findings support the notion of the MDH as a long-run phenomenon driven by a slowly mean-reverting fractionally integrated latent information-arrival process.
The remainder of the article is organized as follows. Section 1 sets out the notation and briefly reviews the arguments behind the standard MDH, along with the particular structure leading to common long-memory volatility and volume dependencies. The econometric techniques employed in estimating and testing for a common degree of fractional integration, as formally developed by Robinson (1995) , are discussed in Section 2. The complete estimation results for all of the 100 individual stocks included in the S&P100 composite index are discussed in Section 3. For illustrative purposes, this section also details the empirical results as they relate to Aluminum Corporation of America (AA), the alphabetically first, by ticker symbol, of the 100 common shares. Section 4 provides a few concluding remarks. An appendix provides detailed sensitivity analysis.
LATENT INFORMATION ARRIVALS AND LONG-MEMORY DEPENDENCIES
To set out our notation, let Rj,t,t = 1,2,...,T and j = 1, 2,..., N, denote the daily continuously compounded return on stock j corrected for any dividend payments and/or stock splits. The corresponding daily trading volume will be denoted by Vj,t.
Return and Volume Dynamics
The daily returns are naturally decomposed into a sum of the intradaily logarithmic equilibrium price changes. Assuming that these logarithmic price changes are iid with a finite variance and that the number of such pseudo intradaily equilibria are "large," it follows by a standard central limit theorem argument that, conditional on the number of price changes, the daily returns should be normally distributed. The assumption of iid price changes also implies that the returns should be serially uncorrelated through time. Of course, the actual number of intradaily price changes is likely to vary across time, depending on the number, or intensity, of the "news" arrivals that occur during the day. Conditional on this latent intensity process, say Kj,t, the distribution for the daily returns may be expressed as Rj,tlKy,t N(O, oa -Kj,t),
where Kj,t has been standardized so that a value of unity will result in a daily variance for stock j equal to ?. This particular representation for the returns and the underlying arguments mirror the original derivation of the MDH by Clark (1973) . In this standard formulation of the MDH, the Kj,t latent information-arrival process represents the intensity of both firm-specific and marketwide "news" events. As such the Kj,t's will almost certainly be highly contemporaneously correlated. Most tests and empirical implementations of the MDH have invariably ignored this aspect of the model. We shall not pursue this commonality in the present analysis either, although future work along these lines may result in important efficiency gains and new insights.
Instead we now turn to the basic implications of the MDH for the joint trading volume-volatility relationship. Characterizing the sequence of pseudo intradaily equilibria as arising from the strategic interaction of informed investors and liquidity traders in a Glosten and Milgrom (1985) framework with a risk-neutral market maker, Andersen (1996) showed that the resulting daily trading volume, conditional on the information-arrival process, will be approximately Poisson distributed. Specifically, Vj,t Kj,t , Po(Pj,o + fI,i " Kj,t),
where pj,o and jl,i1 are normalizing constants related to the importance of liquidity, or noise, and information-based trading, respectively. The Poisson distribution guarantees that trading volume is never negative, and the liquidity trading constant pj,O allows for a more flexible nonproportional relationship, in comparison to the standard MDH with pj,o = 0 and conditionally normally distributed trading volume.
The basic tenets of the MDH remain intact, however. In particular, it follows that, for the modified MDH in Equations (1) and (2), cov(Rj,t, Vj,t) = 0 
Latent Information-Arrival Dynamics
Although most of the earlier investigations of the MDH, as exemplified by the work of Epps and Epps (1976) and Tauchen and Pitts (1983) , have focused on this positive contemporaneous correlation, more recent analyses by Lamoureux and Lastrapes (1994) and Andersen (1996) have sought to more fully exploit the dynamic implications of the MDH by explicitly parameterizing the process for Kj,t. These parameterizations have invariably relied on fairly simple low-order autoregressive moving average type formulations. The relatively low degree of intertemporal dependence uncovered in these studies seems at odds with the aforementioned extant time series literature documenting very persistent own temporal dependencies in both volatility and trading volume. As noted by Andersen (1996) , however, it is possible that different types of "news" will affect volatility and trading volume differently, thus resulting in a more complex dynamic relationship than implied by the simple MDH with a single latent information-arrival process. For instance, the regularly scheduled releases of macroeconomic announcements may induce fairly heavy trading volume accompanied by only short-lived bursts in volatility. Similarly, option expiration days might also be associated with heightened trading volume without any increase in volatility. Conversely, earnings or dividend announcements may result in dramatic price adjustments accompanied by relatively little trading activity. Motivated by these observations, Liesenfeld (1998a,b) studied these different types of "news" arrivals by using a bivariate mixture model with two information-arrival variables. It appears that, by forcing the same short-run dependence for the two series, the MDH model may underestimate the true long-run persistence. In the present analysis, we explicitly abstract from any short-run dynamics. The use of spectral estimation methods provides a particularly convenient approach for accomplishing this goal.
To motivate these developments, suppose that each day a particular piece of new "news" hits the market. Suppose also that the impact of a given day's "news" will last for a random number of subsequent days. It follows from Parke (1996) that, under reasonable assumptions about the corresponding survival probabilities, the resulting latent aggregate information-arrival process will be fractionally integrated. Specifically, let dj denote the order of fractional integration for stock j, so that (1 -L)d3 Kj,t = ho=)0 F(h -dj) -F(h + 1) . F(-dj)Kj,t-h has a bounded spectrum across all frequencies. If 0 < dj < 1/2, the process is covariance stationary with autocorrelations that are eventually all positive and decay at the hyperbolic rate of r2d, -1. Formal conditions for the equivalence between this definition of an I(dj) process and the eventual hyperbolic decay rate of 72d3-1 for the autocorrelation function were discussed by Beran (1994) and Robinson (1994a) .
By a direct extension of the arguments of Andersen (1994 Andersen ( , 1996 and Andersen and Bollerslev (1997a) , it follows that this same long-run dependence carries over to any positive power transform of the absolute returns and volume as defined by the MDH in Equations (1) and (2). As a long-run proposition, the MDH, therefore, implies that, for This behavior of the cross-autocorrelations also underlies the semiparametric frequency-domain tests for fractional cointegration recently developed by Robinson and Marinucci (1998) . Although the empirical investigation of such a relationship is beyond the scope of this article, it would be an interesting area to pursue in future research.
Instead, we turn to a discussion of the seminonparametric log-periodogram regression procedures that we employ in testing Equations (5) and (6).
FRACTIONAL INTEGRATION AND LOG-PERIODOGRAM REGRESSIONS
To specify the various estimators and test statistics, let Xj,t = (IRj,t, Vj,t)' denote the bivariate time series of absolute returns and trading volume for stock j. Assuming that the process is covariance stationary, the 2 x 2 spectral density matrix at frequency A, say fj ( 
where cj,g -log(Cj,g) + (1) and 1(1), the digamma or psi function, is defined by 0(1) -(d/dz) logr (z)l = 1 -.577. The Uj,k's are readily interpreted as the bivariate vector approximation errors associated with the relationship in Equation (11). This suggests the following least squares estimator for dj = (dj,1; dj,2):
where e2 = (0, 1)' and the elements in the (m-l1) x 2 matrix of explanatory variables, Zj, is defined by {Zj}k,1 = 1 and {Zj}k,2 = -2.log(Ak) for k =1+1, 1+ 2,..., m. For 1= O the two estimates for dj,1 and dj,2 correspond directly to the univariate GPH estimates. Although dj may seem like a natural estimator, the corresponding Uj,k residual vectors do not satisfy the usual regularity conditions invoked in justifying the asymptotic properties of least squares estimates. As shown by Robinson (1995) , however, under weak additional regularity conditions, 
where m S= (m -)1 k k. This result validates conventional large-sample inference involving regression t ratios and chi-squared statistics. A consistent estimate for the standard error in the asymptotic normal distribution for dj,g is given by the squareroot of the gth diagonal element of the matrix in brackets in Equation (14). It is also possible to show that 
ESTIMATING LONG-RUN DEPENDENCE IN EQUITY TRADING VOLUME AND VOLATILITY
In the following section, we report the results for the estimators and test statistics defined previously when applied to the time series of returns and trading volume for the 100 individual common shares included in the S&P100 composite index.
Data Description
The data consist of the bivariate absolute return and trading volume series for each of the 100 firms included in the January 10, 1997, revision of the S&P100 broad-based composite index. Daily closing prices, trading volumes, and number of outstanding shares were obtained from the Center for Research in Security Prices database. The sample period encompasses July 2, 1962, to December 29, 1995. Following Andersen and Bollerslev (1997b) and Chan, Chan, and Karolyi (1991), we delete the three-week period immediately following the October 1987 stock-market crash. Sensitivity analysis, discussed in the Appendix, revealed the results to be materially unaffected by this omission. For the 37 companies not listed during the full-sample period, the analysis was conducted from the date of the company's first listing. The resulting minimum sample size involved 1,420 daily observations, compared to 8,440 for the full sample. However, 86 of the companies had more than 5,000 observations.
The continuously compounded returns for each of the j = 1, 2,..., 100 stocks, Rj,t, were corrected for the effects of stock splits and dividends using standard procedures. Following the arguments of Lo and Wang (1996), the daily trading volume was measured by the turnover ratios Vj,t _ Sj,t/Nj,t, where Sj,t denotes the share volume for stock j during day t and Ns,t refers to the total number of outstanding shares at that time. Trading volume has increased dramatically over the past 30 years. To account for cess of detrending affected any of the qualitative findings. As detailed in the Appendix, the results for the raw volume data are almost identical to those reported for the linearly detrended volume series.
Individual Volatility and Volume Estimates
This section summarizes the unrestricted estimates based on Equation (13). The first half of the section provides a more detailed description of the results for the Aluminum Corporation of America (AA), the alphabetically first, by ticker symbol, firm in the S&P100 composite index. The results for the remaining stocks in the S&P100 are discussed in the latter half of the section. All of the estimates are based on 1 = 1 and my = (Tj)1/2, where Tj refers to the number of time series observations for firm j. Corroborating evidence, using mj = .5. (Tj)1/2 and mj = 1.5. (Tj)1/2, for all of the firms in the S&P100 index, is reported in the Appendix.
The data for AA covers the full July 2, 1962, to December 29, 1995, sample period for a total of 8,413 daily observations. The trading volume and absolute return series both exhibit significant excess kurtosis, with sample values of 14.44 and 15.68, respectively. The Ljung-Box portmanteau test statistics for twentieth-order own serial correlation equal 1,050 for the absolute returns and 46,320 for the trading-volume series. Clearly, both series possess a tremendous degree of own serial dependence. The corresponding unrestricted estimates for the degrees of fractional integration are .379 (.068) and .534 (.061), respectively. Based on the asymptotic standard errors reported in parentheses, both estimates are statistically greater than 0 and less than 1 at any reasonable significance level.
Note that the proof of Robinson (1995) is only valid when -.5 < d3 < .5. The point estimate of dj,2 for AA is obviously outside of this stationary region. The stan-dard approach for dealing with this issue is to difference the series and then reestimate the degree of fractional integration as d* + 1, where d* refers to the estimate for the differenced series. Because the resulting numerical estimates are generally very close and relatively few of our estimates exceed .5, we only report the estimates for the raw series.
Further justification for the notion of fractional integration is provided by Figure 1 (p. 12) , which depicts the spectra of the absolute returns and the share turnover ratios for AA. The spectrum is estimated by a smoothed-sample periodogram using Bartlett weights and a bandwidth of (T)1/2 % 91. For the lowest Fourier frequencies, the spectra are both log-linear, as implied by Equation (9). The two spectra also appear quite similar over the lowest frequencies, with closely related spectral peaks and troughs. Meanwhile, the spectra look quite different at higher frequencies, indicating the existence of different short-run dynamics.
Comparable results for all of the 100 firms listed on the S&P100 are contained in Figures 2, 3 , and 4 (pp. 13, 14, and 15). 
Common Long-Run Dependence
The aforementioned commonality in the spectra of the volume-volatility series for AA, depicted in Figure 1 , and the close correspondence between the estimates for the degree of fractional integration are highly suggestive of a common long-run hyperbolic decay rate across the two series. A formal test for this hypothesis is available in Equation (16). The value of this test statistic for AA is 2.136. Therefore, when judged by the conventional 5% chi-squared critical value of 3.841, the test does not reject the null hypothesis that djj, = dj,2. Restricting the value of dj to be the same across the trading-volume and volatility series, as in Equation (17), results in an estimate of dj = .465(.047). The much lower asymptotic standard error also indicates a nontrivial efficiency gain compared to each of the individual estimates of dj discussed in Section 3.2.
Results for the remainder of the firms in the S&P100 composite index are summarized in Figures 5, 6, 7, and 8 . If the long-run behavior of trading volume and volatility is truly driven by the response to a common underlying latent information-arrival process, we would expect to see a close correspondence between the estimated degrees of fractional integration for the two series. This is indeed the case. Figure 5 depicts a scatterplot of the pairwise estimates of (dj,l, dj,2) for all of the 100 firms. Although there are outliers, the majority of these estimates are close to the 45-degree line.
Formal chi-squared tests for the hypothesis that the degrees of fractional integration are the same across the absolute return and trading volume series are depicted in Figure 6 . Of the 100 common shares in the S&P100 composite index, 92 produce chi-squared statistics that are smaller than the 5% chi-squared critical value of 3.841. Although 100 test statistics are obviously not in- 
CONCLUDING REMARKS
This article argues that the daily returns and trading volume for the majority of the individual companies in the S&P100 composite index are best described by meanreverting long-memory-type processes. The seminonparametric estimates and test statistics also point toward a remarkable commonality in the degree of fractional integration for each of the 100 volume-volatility pairs, with a median value of .40. Thus, although the volume and volatility processes are both highly persistent, shocks to the two series eventually dissipate at the same slow hyperbolic rate of decay. Meanwhile, the short-run dynamics appear quite different. These empirical findings are consistent with a modified version of the MDH, in which the volume-volatility relationship is determined by a latent information-arrival structure possessing long-memory characteristics. This may help explain the apparent rejections of the MDH reported in previous studies, which have focused on a common representation for the short-run dynamics. Instead, the results reported here suggest that allowing for differing short-lived news impacts, while imposing a common long-memory component, may provide a better characterization of the joint volume-volatility relationship in U.S. equity markets. Such a model holds the promise of improved long-run volatility forecasts and more accurate pricing of long-term financial contracts. This is also consistent with preliminary findings based on formal tests for fractional cointegration implemented using the technique of Robinson and Marinucci (1998). We leave further work along these lines for future research.
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APPENDIX: SENSITIVITY ANALYSIS
This appendix provides sensitivity analysis of our results by implementing the estimates in Equation (13) A detailed examination of the 8 companies that reject a common value of dj does not suggest the existence of any apparent systematic structure. Only 2 firms had fewer than 6,000, or approximately 23 years worth of, observations. The 8 firms were split among retail sales (2), banking and finance (2), beverage (1), computer products (1), paper 40T, -products (1), and general industrial (1) sectors, making it unlikely the rejections occur due to industry-specific effects. Relative firm size does not appear to be a factor either as the rejected firms range from number 17 to number 332 on the Fortune 500 index of largest companies. Five of the eight firms reject due to a relatively highly persistent volume series, or dj,1 < dj,2, whereas three of the firms reject because dj,1 > dj,2. It is certainly possible that a more 
